ABSTRACT. I attempted to separate smoke-derived carbon from carbon derived from clay by variable-temperature burning. First, using liquid scintillation counting (LSC) and accelerator mass spectrometry (AMS), I dated experimental potsherds containing these two sources of carbon. I used the same techniques to date archaeological samples. The results on archaeological sherds confirm the difficulty of establishing a standard procedure for pottery dating. Nevertheless, reliable dates on smoke-blackened potsherds are potentially obtainable with AMS dating of thin lamellas in the sherd surface following adequate NaOH treatment.
INTRODUCTION
The different sources of carbon in potsherds and their influence on 14C dates are now well known (De Atley 1980; Gabasio et a1.1986; Johnson et a1.1986; Hedges, Chen and Housley 1992) . The problem that remains is to select carbon related to the period when the potsherd was manufactured and used. It is difficult to separate carbon from organic temper sometimes added by the potter, or from soot produced during firing and food remaining from cooking or storage from older carbon from raw clay and younger carbon introduced by the soil in which the pot is buried. Chemical treatment can eliminate humics, but they cannot differentiate among similar forms of carbon such as soot, pyrolysis temper and pyrolysis organic matter.
My initial interest was in differentiating between carbon added by environmental smoke and carbon from raw clay. Soot is always present on the surface of smoked potsherds, but has no chemical links with the ceramic paste. I used low-temperature combustion, proposed by Evin, Gabasio and Lefevre (1989) to separate organic temper from clay-derived carbon, on potsherds free of this temper but blackened by soot from firing. This method, first used with a sherd dated by liquid scintillation counting (LSC), was adjusted for accelerator mass spectrometry (AMS) dating. I first experimented with potsherds made and fired in the laboratory and followed with archaeological samples. The results, although satisfactory for experimental pots, are sometimes doubtful for archaeological ones. Nevertheless, AMS, thanks to the small quantities required, may provide new ways to directly date blackened pottery.
METHODS

Experimental Potsherds
The aim of these experiments was to produce potsherds in which carbon from clay and carbon from smoke were both present. The raw clay was a kaolinite rich in "old" organic matter but free of calcium carbonate. No temper was added. The pots were molded and, after several days of drying, were fired under smoking conditions to obtain the black surface present in sherds from different periods from around the world. If conditions are properly maintained, the kiln shown in Figure 1 produces a suitable reducing atmosphere. During the first few hours, the temperature must be raised slowly (Fig. 2) so that the water is removed from the clay with no damage to the pots. When the temperature reaches 950-1000°C at the top of the kiln, the chimney is closed and the maximum temperature maintained for Ca.1 h. The entrance of the fireplace is then hermetically sealed and the dome of the kiln is covered with sand to reduce heat loss. Temperature decreases slowly, and a smoky atmo- In a first trial, two potsherds were selected and combined to form one sample large enough for LSC dating; K2, with a large black core, and K3, with a smaller one (Fig. 3) , are typical of the pots produced during the experiment. This sampling is in good agreement with archaeological sampling, where all the sherds do not belong to the same pot. The sample was divided into two fractions of 350 g each, one powdered and the other remaining in the form of sherds (4-5 cm wide). Carbon was extracted using the device shown in Figure 4 . While the sample is swept with oxygen, a furnace moves along the combustion tube, burning carbon contained in the sample. The furnace is first positioned at one end of the tube and, when the temperature controlled by a thermocouple inserted into Fig. 3 . Broken cross-sections of K2 and K3 potsherds, with scale in cm the sample has reached the required value, the furnace is maintained for ca. 30 min and then it is moved ca. 10 cm. This last operation is repeated all along the sample. Any CO produced during combustion is oxidized to CO2 by hot CuO. The measurement of CO2 pressure in a known volume gives us the quantity of carbon extracted. In a second trial, two lamellas were cut in the black outside surface of K3. These lamellas, 3-3.5 mm and 1.5-2 mm thick, with surface areas of ca. 5 cm2 and weights of ca. 2 g, were taken as samples for AMS dating. Carbon extraction differs for AMS, using the device shown in Figure 5 . The quartz tube was evacuated to 10-3 mbar and filled with 02 (0.3 bar). The valve was closed and the tube put in a furnace at 400°C for 10 min. The CO2 formed was collected in a tube where pressure measurement allowed the calculation of carbon content. It was then transferred to a 6-ml ampoule. AMS measurements were performed by the Oxford Radiocarbon Accelerator Unit.
The results of LSC and AMS dating are reported in Table 1 . The LSC results, Ly-6244 and Ly-6245, are <100 pMC, which means that carbon from clay has been extracted. Nevertheless, by comparing these two results, we can see that a decrease in combustion temperature diminishes the influence of clay-derived carbon, which supports the conclusions of Evin, Gabasio and Lefevre (1989) .
The activities obtained from the lamellas, Lyon-59(OxA) and Lyon-73(OxA), are >100 pMC, which does not exclude the presence of carbon from clay but which proves that carbon from smoke is predominant. The fact that samples were from the surface of the potsherd, where smoke is the major source of carbon, probably explains this. The lower activity of , which is thicker than Lyon-73(OxA), supports this explanation. During firing, potsherds are exposed first to oxidizing and later to reducing atmospheres. This burns part of the carbon mixed with clay, the most volatile compounds (Johnson et al. 1988) ; this combustion starts on the external surfaces of the pot and diffuses into the core of the material. The clay structure, the maximum temperature reached and the predominant atmosphere during post-firing (oxidizing or reducing) determine the total combustion of "geological" carbon or of its pyrolysis inside the paste. In our case, the temperature before kiln closing was not high enough to burn all the carbon and a black core appeared. These results suggest that AMS is the more appropriate method for direct dating of potsherds if samples are taken from the pot's surface. 
100-200
Ly-6245 Powder, burned at 360°C 0.2 0.9 Ly-6244
Powder, burned at 530°C --0.5 Ly-6246
Sherds, burned at 500°C 0.7 0.5 Lyon-59(OxA) Lamella, 2.2 g, 3-3.5 mm thick 0.10 0.7
Lyon-73(OxA) Lamella, 1.8 g,1.5-2 mm thick 0.15 0.6 *Fuel used for firing potsherds is modern wood grown after 1950, therefore subject to the "bomb effect". Consequently, the global activity of the fuel is not precisely known but ranges between 100 and 200 pMC.
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Archaeological Sherds
To investigate the possibility of dating pottery, the use of controlled experimental ceramics is preferable for studying the influences of carbon sources on the date. Nevertheless, this material is a model and, like all models, it does not correspond exactly to reality. Although we can adequately approximate the preparation of a potsherd (forming and firing), it is more difficult to simulate thousands of years of burial or long periods (perhaps several years) of food permeation. In the case of food, the age will reflect the time of use. If these components stay in the sample despite chemical treatments (acid and base), they will be a perfect source of carbon for dating. Humic acids create a problem because this source of carbon is usually younger than the sample. The high porosity of many potsherds-particularly the older ones-favors the penetration of humics, which can resist the E. Delque Kolio NaOH treatments usually recommended for their extraction. The archaeological samples chosen for dating differ in time and place of origin, but all of them have a gray to black surface.
Radiocarbon Analysis
Despite the unconvincing results obtained by LSC dating of experimental samples, we again used this method for archaeological sherds. The use of very old clay for the experimental pots does not reflect the general case in archaeological pottery. In prehistoric or protohistoric times, clay was collected near the place of manufacture, from deposits near the surface of the soil, and was therefore not of infinite 14C age. For this reason, the combustion method for LSC dating continues to hold promise for investigations with archaeological samples.
All the samples dated by LSC were pulverized and received acid/alkali/acid (AAA) treatment except Ly-6292 from Le Laouret, which was kept in the form of sherds and washed only with NaOH. Humic acid fractions were obtained by acid precipitation of the NaOH extract. Each AMS sample was taken from one sherd submitted to a basic pretreatment: ultrasonication in 0.5N NaOH for 5 min, followed by 1 h in an oven at 100°C and 12 h at room temperature. In the case of Locmariaquer, humics were separated. I used the same combustion devices as for the experimental samples. Table 2 presents the results of LSC dating of archaeological sherds. See also Figure 6 for a plot of the LSC and AMS dates from all the sites. Five fractions from Le Laouret were dated. Three combustions were made on the powdered fractions. The first and the second one at 360°C (Ly-6409) and 450°C (Ly-6410) were not significantly different; the dates obtained agree well with the archaeologically expected date. The high-temperature burning (600°C) gives an older date, showing that geological carbon from clay was extracted. As expected, the humics are too young. The date obtained from whole sherds is not far from that of the humics, meaning that the NaOH pretreatment was ineffectual; the carbon released at low temperature (300°C) comes from humics in the burial soil. The dates obtained for powdered fractions from La Fosse Toumise, Maison 165 and Lingolsheim support the results of Le Laouret: low temperatures (400°C for La Fosse Toumise and 360°C for Lingolsheim) give the best results. For La Fosse Toumise, the humics date is perfectly consistent with the dated bones from the same level. For Les Barlieres, the carbon was entirely oxidized at 440°C (no carbon was found at 650°C); the dates obtained at 400°C (Ly-6771) and at 440°C (Ly-6772) are both in the same range and are too old compared to the dated wood from the site. For Saint-Victor-desOules, all the results are too old, and they contradict the expectations of selective heat treatment. The light gray color of this medieval pottery shows that reducing conditions were present during firing but produced little soot. Thus, the carbon concentration is too low for good results. This is typical of these gray sherds from Roman or Medieval periods. Humics (Lyon-72(OxA)) were prepared from the powder fraction but were dated by AMS because of their small quantity. The old date obtained for humics seems to show that the fraction I call "humics" does not fully represent the burial context but also includes carbon from manufacturing clay finely dispersed by the alkali treatment. in spite of the firing, carbon from clay has remained at the surface of the potsherds; 2) soot deposited on and inside the potsherds under reducing conditions came from old carbon sources such as peat.
RESULTS AND DISCUSSION
CONCLUSION
This study shows that, for brown to black potsherds, combustion at low temperature (s400°C) decreases the effect of contamination by old carbon from clay. In addition, I observed that, with experimental potsherds, results were better when samples were put in the form of thin lamellas taken from the surface of sherds. When employed for archaeological sherds, this type of sampling is not so conclusive because of the external contaminants introduced, for example, by burial soil. The alkali pretreatment of the lamellas discussed in this study should be completed with acid cleaning on the powdered lamellas. This could improve the efficiency of such a "thin lamella" method and allow extraction of contemporaneous sources of carbon such as smoke and food remains. The "good" carbon could also be retrieved from the surface of a black potsherd by laser combustion. This method, proposed by Watchman and Lessard (1993) for dating rock art, may be used to burn a very thin part of the surface without extracting carbon from clay.
